Evolutionary theory predicts a negative correlation between the rate of self-fertilization and the magnitude of inbreeding depression in natural plant populations. We examined the mating system and inbreeding depression at four life stages in a diploid population of Epilobium angustifolium (Onagraceae). The multilocus rate of self-fertilization, inferred from the segregation of allozymes at two polymorphic loci (Pgi-2, Mdh-2) among seedlings from 22 open-pollinated plants, was 0.06 (SE± 0.10). However, after adjusting for differential mortality of selfed progeny prior to the seedling stage, the selfing rate was 0.45. The parental inbreeding coefficient (F) was -0.26 (SE 0.103) indicating more heterozygotes than in a randomly mating population. The magnitude of inbreeding depression at seed maturation, seed germination, juvenile survival and dry mass at 8 weeks was measured in a greenhouse experiment. Thirty-four plants, grown from open-pollinated seed, were each self-fertilized and randomly outcrossed. We observed significant inbreeding depression at all four stages, although its magnitude differed significantly among maternal plants and among stages. Inbreeding depression was largest during seed maturation (0.87), where seed-set in outcrossed flowers (65.7 per cent) was eight times higher than in selfed flowers (8.3 per cent). Inbreeding depression for dry mass after 8 weeks (0.50) was at least twice that for germination (0.25) and survival (0.15). The magnitude of inbreeding depression for each of the 34 maternal parents was not significantly correlated across life stages, suggesting that its genetic basis varies across the life cycle. Our results indicate that E. angustifolium exhibits high levels of inbreeding depression, much of which is expressed early in the life cycle, during seed maturation, consistent with results for other long-lived, outcrossing species. However, given its moderate rate of self-fertilization, the total inbreeding depression (0.95) maintained in E. angustifolium is very high in comparison to other angiosperms.
Introduction
Inbreeding depression, the reduced fitness of progeny derived from inbreeding relative to outbreeding, is an important selective force governing the evolution of plant sexual systems (Darwin, 1876; Lloyd, 1979; INBREEDING DEPRESSION IN E. ANGUS TIFOLIUM 207 support for the negative correlation predicted between inbreeding depression and selfing rate (Husband & Schemske, 1995) , there are still relatively few studies that relate inbreeding depression to the mating system or to other measures of the history of inbreeding (Toppings, 1989; Holtsford & Elistrand, 1990; Parker et al., 1995) . Furthermore, most studies have focused on the magnitude of inbreeding depression at the level of the population and relatively little attention has been paid to the timing of inbreeding depression through the life cycle or to variation in its magnitude among plants within populations, both of which have a direct bearing on the potential for the evolution of inbreeding depression.
Evolutionary theory has not yet adequately considered how inbreeding depression should be distributed among stages or among individuals within populations or whether these attributes will be influenced by shifts in the mating system. Clearly, there are strong reasons why one would expect such variation to exist. In self-compatible species, individuals will differ in their inbreeding histories and thus in the number of deleterious alleles sheltered from selection (Haldane, 1949; Kimura, 1958) . Therefore, one would expect variation in inbreeding depression among parents, on which selection may act. Variation in the magnitude of inbreeding through the life cycle depends on the extent to which selection is stage-specific and on the genetic correlations and the genetic basis of inbreeding depression among life stages. If the genes causing inbreeding depression are expressed across stages, we would expect a correlation in the magnitude of inbreeding depression at different stages (Agren & Schemske, 1993; Husband & Schemske, 1995) .
Several studies have reported variation in inbreeding depression among parents and among life stages (Schemske, 1983; Dudash, 1990; Johnston, 1992) , but rarely are the numbers of families and sample sizes within families sufficient for this to be adequately quantified. In addition, past analyses were incorrect in that they lacked the appropriate transformation to examine differences in relative fitness among parents (Johnston & Schoen, 1994) .
In this paper we present the results of a study designed to estimate the mating system and the magnitude and timing of inbreeding depression in a single population of the herbaceous perennial Epilobium angustifolium L. (= Chamaenerion angustfolium (L.) Scop.) . The genus Epilobium consists of approximately 162 species that exhibit a wide range of breeding systems, from predominantly outcrossing to high autogamy (Raven, 1979 (Raven, , 1988 . Like all members of the genus, E. angustifolium is self-compatible, but because the flowers are large, protandrous and insect-pollinated, it is likely to be highly outcrossed, although the (Mosquin, 1967) . This population was initially identified as diploid by Flint (1980) and this was confirmed prior to this study by additional chromosome counts and a survey of DNA content in 28 individuals using flow cytometry (Schemske & Husband, unpubl.) .
Mating system The mating system, measured as the rate of self-fertilization (Tm), was estimated from the segregation of protein allozymes in progeny from 22 open-pollinated plants, collected at random from the population in September 1991. Following germination, seedlings were planted into individual pots and grown to the 4-10 leaf stage. Family sizes at this time ranged from 5 to 18 progeny (mean 7.5).
Each seedling was scored at two isozyme loci using horizontal starch gel electrophoresis. Young leaves were ground in a 0.1 M Tris buffer (pH 7.5) containing sodium bisulphite, sucrose and PVP-40; the homogenate was absorbed onto 3 x 6 mm paper chromatography wicks and inserted into a starch gel.
Polymorphic loci for each of the enzymes phosphoglucose isomerase (PGI) and malate dehydrogenase (MDH) were resolved on Tris-borate (pH 8) and histidine-citrate (pH 6) buffer systems, respectively (Soltis et a!., 1983) . The tris-borate gel (12 per cent w/v starch) was run at 50 mA and 300 V for 6 h while the histidine-citrate gel (13.5 per cent starch) was run at 50 mA and 325 V for 6 h. Segregation patterns were observed in family-structured data and were consistent with simple Mendelian inheritance.
The multilocus selfing rate and the mean singlelocus selling rate were estimated using the mixedmating model based on the method of Ritland & Jam (1981) and Ritland (1989) , which uses a maximum likelihood procedure to infer the genotypes of the maternal parents, the frequencies of alleles in the pollen pool (p), and the proportion of progeny per family that are derived from outcrossing (t). The maternal genotypes were inferred using the algorithm of Brown & Allard (1970) . Standard errors for each selfing rate estimate were generated using a bootstrapping procedure in which 22 progeny arrays were sampled, with replacement, 100 times.
The primary selling rate (r), the selling rate at the time of fertilization, was estimated by adjusting the measured selfing rate (rm= 1 -t) for any inbreeding depression that may have occurred before progeny were analysed, i.e. at seed-set and germination, using the formula, rm T= (l_6+rmó) where 6 is the sum of inbreeding depression measured at seed maturation and germination (Maki, 1993) .
The inbreeding coefficient F, a measure of the deviation in the frequency of heterozygotes from that in a randomly mating population, was also estimated as an additional measure of inbreeding using the inferred maternal genotypes from the mating system analysis. This parental inbreeding coefficient was estimated as part of the mating system analysis (Ritland, 1989 The effects of inbreeding were estimated at four life stages: seed maturation, seed germination, survival to 8 weeks, and dry mass at 8 weeks. Seed maturation was measured in each of the eight fruits per maternal plant as the number of filled seeds, expressed as a proportion of the number of ovules (seed set). To do this, seeds were classified as either filled, or not. Filled seeds were round in cross-section and, in preliminary trials, germinated with frequency greater than 80 per cent (n = 100 seeds). Unfilled seeds were either aborted or unfertilized. In an additional inbreeding depression study on the same population (Husband & Schemske, 1995) , an average of three per cent of the ovules per fruit were 'presumed unfertilized' based on their size and uniformity, indicating that pollen quantities were sufficient and that prefertilization events had little influence on seed-set.
Twenty filled seeds from each of the eight fruits per plant were placed in a petri dish on filter paper. If fewer than four fruits matured for any pollination treatment, seeds were randomly collected from the existing fruits. After 4 weeks at 4°C, the filter paper was wetted and the dishes placed in an incubator (12 h day/night; 25°C day/2 1°C night). The germinating seeds were counted and removed weekly, starting 1 week after sowing, until germination ceased.
One week after sowing seeds, 10 selfed and 10 outcrossed seedlings from each parent were transplanted into 5 cm pots and, once at the rosette stage, transplanted again into 2 L square pots. In addition, a randomly chosen outcrossed seedling was placed in the opposite corner of each pot as a competitor. Because we expected the population to be primarily outcrossing, seedlings in natural conditions would be competing more often with outcrossed than with selfed individuals. Any target or competitor seedling dying within the first week was replaced. Pots were then randomly arranged in a 25 X 28 array, and pots containing two dummy plants were placed in any empty cells and around the periphery to reduce edge effect. All target plants were harvested after 8 weeks, by which time 419 plants (73 per cent) had flowered. To determine if there was competition between the target plants and their competitors, we also harvested the competitors from 50 pots containing selfed progeny and 50 with outcrossed progeny. We then calculated the correlation between the dry mass of targets and their competitors. A negative correlation would suggest that plants were competing for resources. All plants were dried at 60°C for 48 h and then weighed.
Cumulative fitnesses for self and outcross progeny from each maternal parent were calculated as the product of mean fitnesses from seed-set, germination,
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survival and dry mass. Population-level inbreeding depression (6) was then estimated as:
6=1-where and w0, are, respectively, the mean fitnesses of selfed and outcrossed progeny calculated from the means of each cross-type for each maternal parent.
This estimate is similar to Johnston & Schoen's (1994) in that it is calculated as a ratio of the mean fitnesses for selfed and outcrossed progeny rather than a mean of the family-specific ratios. We calculated the population means for selfed and outcrossed progeny by averaging the mean fitness values calculated at the family level. This was done so that each family, which differed in number of progeny because of variation among families in inbreeding depression, was weighted equally in the final population estimate. A confidence interval for the population estimate of inbreeding depression, discussed in Johnston & Schoen (1994) , was calculated following Miller (1986) .
A mixed model ANOVA was used to quantify the effect of pollen source (fixed effect) and family (random effect) on seed-set, percentage germination and dry mass at 8 weeks. When necessary, variables were transformed to meet the assumptions of normality and homoscedasticity (Sokal & Rohlf, 1981) . To determine whether inbreeding depression differed among maternal plants, we also tested for a significant interaction between pollen treatment and maternal parent after a log-transformation of all data.
With this transformation a significant pollen treatment x maternal parent interaction reflects differences among parents in the relative effects of selfing and outcrossing (Johnston & Schoen, 1994) . The effect of pollination treatment on seedling survival was examined using a G-test of independence. Heterogeneity among maternal plants in this respect was not examined since family sample sizes were often not large enough. Mean cumulative fitnesses for selfed and outcrossed progeny in each family were compared using a Mann-Whitney test (Sokal & Rohlf, 1981) . Correlation among families between the mean fitness of selfed and outcrossed progeny was calculated by a Spearman's rank correlation.
The effects of self-fertilization on different stages of the life cycle were compared using a repeated measures MANOVA with log (seed-set), log (germination), log (survival) and log (dry mass) as dependent variables and cross-type and family as independent variables. Because the number of selfed and outcrossed progeny varied widely among families and stages, we used family means for selfed and outcrossed progeny, at each stage, for this analysis. In addition, a Spearman's
The Genetical Society of Great Britain, Heredity, 75, [206] [207] [208] [209] [210] [211] [212] [213] [214] [215] rank correlation between the family-level inbreeding depression estimate for each of the six pair-wise stage combinations was calculated to determine whether 2 inbreeding depression in different stages was related.
One difficulty with studies of variation in inbreeding depression among stages is that inbreeding depression estimates for later stages are necessarily based on only those progeny that survived all previous stages. Since it is assumed that mutations segregate independently among the offspring, late inbreeding depression as measured in surviving offspring should in most cases be representative of the family. Only those mutations which have a lethal effect and which are expressed both early and late will not be accounted for in the estimate of late inbreeding depression. This may result in a downward bias in the estimates of late inbreeding depression and in the correlations between early and later stages.
Results

Mating system
The multilocus selfing rate (rm) estimated for this population of E. angustifolium was 0.06 (SE±0.10; 22 families; 7.5 progeny per family), a value not significantly different from zero (t0.60, P>0.05). The multilocus estimate was based on two polymorphic loci (allele frequencies: Pgi-2 0.55/0.23/0.07/0.06/0.04/ 0.03/0.02; Mdh-2 0.58/0.42). Seven Pgi-2 allozymes were present in the population. Since the selfing rate estimation program can only accommodate three allozymes per locus, the five least frequent allozymes were collapsed into a single frequency (allele frequencies 0.55/0.23/0.22). The mean of the singlelocus estimates was 0.08 (SE±0.11); the difference between single-locus and multilocus estimates (mean difference = 0.011, SE 0.034) was not significantly different from zero (t = 0.32, P >0.05).
The primary selfing rate (r) for this population of E. angustifolium is 0.45. That is, at the time of fertilization 45 per cent of the ovules were self-fertilized.
The parental inbreeding coefficient (F) based on two isozymes was -0.26 (SE±0.103), less than the expected F =0 for a randomly mating population. This estimate indicates there was an excess of heterozygotes in the population relative to that expected in a randomly mating population.
Inbreeding depression On average, the effect of selfing was significantly different from outcrossing for all four life stages examined (Tables 1 and 2 ) and for the cumulative effects of all stages (Mann-Whitney, U32 = 16, P <0.0001). Seed At present there is little censensus as to how population-level measures of inbreeding depression should be Inbreeding depression was not uniform among life stages. The effects of selfing were greatest at seed-set, where inbreeding depression (6=0.87) was 1.7 times higher than for dry mass after 8 weeks and 3.5 and 6 times higher than for germination and juvenile survival, respectively. In the repeated measures MANOVA, the effects of self-versus cross-pollination differed significantly among stages (time X pollination interaction, Wilks's A = 0.94, P<0.001).
The effect of pollination treatment on seed-set, germination and dry mass differed among maternal plants as indicated by significant pollination treatment X maternal plant interaction terms in the analysis of variance (Table 2 ). All interactions remained significant at P < 0.001 after log-transforming all values, indicating significant variation among maternal parents in the magnitude of inbreeding depression.
Inbreeding depression varied widely among families at each life stage (Table 1 ). Values at seed-set ranged from 0.46 to 1.0. This was a product of variation in seed-set upon selfing (Fig. 1) as well as upon outcrossing. One maternal plant set no seed upon selfing. The number of families in which the performance of selfed progeny exceeded that of outcrossed progeny was zero at seed set, three at germination, four at survival and three at dry mass. In addition, correlations between selfed and outcrossed fitnesses among maternal parents were positive for each life stage but the magnitude of the correlation depended on the life-history stage examined. Spearman's rank correlations among selfed and outcrossed treatments were significant at the first two stages, seed set (r,= 0.42, P <0.05, n = 34) and percentage germination (r = 0.38, P <0.05, The Genetical Society of Great Britain, Heredity, 75, 206-2 15. n = 33), but not significant at juvenile survival (r = 0.24, P>0.10, n = 33) or dry mass at 8 weeks (r = 0.18, P>0.25, n = 33).
Variation among families for inbreeding depression based on cumulative fitness was narrow compared to stage-specific variation. Inbreeding depression values ranged from 0.81 to 1. Outcrossed progeny from all families were consistently more fit than selfed progeny; however, whether there were differences among maternal plants could not be evaluated statistically.
There was a substantial difference between the variance in cumulative fitness of selfed and outcrossed progeny for the 34 families (Fig. 2) . Selfed families exhibited extremely little variation (variance = 5.01, range 0.2-7.7) in fitness in contrast to outcrossed families (variance=311.8, range 1.3-79.1). Also, the cumulative fitnesses of selfed and outcrossed progeny were significantly correlated among families (r = 0.58, P<0.01, n = 33).
Rank correlations of family-level inbreeding
depression among all six pair-wise stage combinations were positive. Taken individually, the correlations between inbreeding depression at seed-set and dry mass (r= 0.39, P<0.05), and germination and survival (r = 0.38, P <0.05) were significant. However, when their significance was evaluated in relation to an experimentwise error rate of 0.0085, calculated using the Dunn-idák procedure (Sokal & Rohlf, 1981) , none of the correlations was significant. 
Discussion
In this study, we found that Epilobium angustifolium was highly outcrossed (rm = 0.06); only six per cent (SE 0.10) ofthe seedlings examined were the product of self-fertilization. The inbreeding coefficient also indicated that the population was not inbred (95 per cent CI 0.02); that is, selfed progeny were only five per cent as fit as outcrossed progeny based on comparisons at four life stages. The effects of inbreeding were significant at all stages but the magnitude of inbreeding depression differed among life stages.
Inbreeding depression was largest during seed maturation, followed by dry mass, germination and juvenile survival. There were no significant correlations among estimates of inbreeding depression at each stage for the 34 families examined. The effects of inbreeding were significantly different among maternal parents at each stage examined but cumulative inbreeding depression was quite uniform among maternal plants.
The marked difference between the measured (Tm = 0.06) and primary (r = 0.45) selfing rates in this species reflects the differential mortality of selfed and outcrossed zygotes that occurs between the time of fertilization and the seedling stage, at which electrophoresis was conducted. While most empirical studies of mating systems have estimated the measured selfing rate, inbreeding depression is best interpreted in the context of the primary selfing rate, on which all theoretical studies are based (Lande et a!., 1994) . The intermediate selling rate of r =0.45 may be surprising given that flowers in E. angustifolium are large and protandrous, and that pollen-collecting bees tend to forage primarily on male-phase flowers, thereby reducing the likelihood of pollen transfer among flowers on the same inflorescence (Galen & Plowright, 1988 ). Selfing may be higher as a result of geitonogamous pollinations within inflorescences and among inflorescences of the same genet, or from the more indiscriminant foraging patterns of nectar-collecting bees (Galen & Plowright, 1988) . It is important to note, however, that estimates of the primary selling rate are not without bias. For species with embryo competition (i.e. more fertilized ovules than can be supported), which may include E. angustifolium, this method will tend to overestimate the primary selfing rate (Lande et a!., 1994) . Also implicit in the estimate is the assumption that the relative fitnesses of selfed and outcrossed progeny in different fruits are comparable to their relative fitnesses in the same fruit. In fact, most estimates of inbreeding depression are based on the performance of self and outcross pollen in separate flowers, and therefore rest on the same assumption.
Unfortunately, studies of the effects of sell and outcrossed pollen in single versus mixed pollen loads have not been consistent in their findings (Bertin et a!., 1989; Montalvo, 1992) . Because the low production of seeds by self-fertilization in E. angustifolium (13 per cent of outerossed seed set, Table 1 ) may be a result of a physiological selfincompatibility or of inbreeding depression, it is important to distinguish these alternatives before interpreting our findings with regard to inbreeding depression. Self-incompatibility operates in the maternal tissue and is controlled by the maternal genotype and that of the pollen or pollen donor. Typically, incompatibility reactions occur at the stigmatic surface or in the style. Failure of pollen tubes in the ovules has been reported for some species (Kenrick et al., 1986; Scribailo & Barrett, 1991; Broyles & Wyatt, 1993) incompatibility (Seavey & Bawa, 1986) . In contrast, inbreeding depression is a process acting in the zygote as a function of the zygote's genotype. Therefore inbreeding depression, caused by mutational load, typically occurs after fertilization and, because of variation in the mutation load among zygotes, it is usually variable in its magnitude and stage in development of expression (Seavey & Carter, 1994) . In E. angustifolium, we believe that low seed maturation in selfpollinations is a product of inbreeding depression, not incompatibility, because (1) seed-set varies among selfed individuals from 0 to 21 per cent (Fig. 1) , (2) based on their size and appearance, unfilled ovules from selfed flowers failed at some point after fertilization, and (3) embryos failed at a wide range of stages.
These observations are consistent with patterns of embryo failure in outcrossed flowers of E. angustifolium (Wiens et a!., 1987) and with observations of embryo failure in self-pollinated flowers of E. angustifolium (S. Seavey, pers. comm) and E. obcordatum (Seavey & Carter, 1994) .
The population-level estimate of inbreeding depression for E. angustifolium is similar to the only other estimate for a diploid population of this species, which is 0.88 (J. Agren, unpubl.) . Such a strong negative impact of inbreeding is unusual among angiosperms. In fact, inbreeding depression in E.
angustifolium is 1.8 times larger than the mean inbreeding depression for all outcrossed populations that have been examined to date (6 0.53, Husband & Schemske, 1995) . Of the 38 angiosperm species for which similar life stages have been examined (reviewed in Husband & Schemske, 1995) , only one other species, Bidens sandivicensis (S. Schultz, unpubl.), has similar inbreeding depression (6 = 0.94). The level of inbreeding depression in E. angustifolium is more similar to values reported for several gymnosperms (Snyder, 1968; Franklin, 1969; Sorenson & Miles, 1974; , which range from 0.8 to 0.98. One feature these species have in common is that they are long-lived woody or clonal perennials. Whether longlived angiosperms consistently exhibit such a high magnitude of inbreeding depression requires further study.
The high magnitude of inbreeding depression in this partially outcrossing population of E. angustifolium is qualitatively consistent with the theoretical expectation that outbred populations will contain more recessive or partially recessive lethal and deleterious mutations, and hence show more inbreeding depression, than inbred populations (Lande & Schemske, 1985; Charlesworth & Charlesworth, 1987) . Inbreeding depression in E. angustifolium is about six times higher than in two highly autogamous congeners, E. collinum (6 = 0.13, J.
The Genetical Society of Great Britain, Heredity, 75, 206-215. Agren, unpubl.) and E. ciliatum (6 = 0.16, Parker eta!., 1995) . On a broader taxonomic scale, E. angustifolium has 4.1 times more inbreeding depression than the average of all self-fertilizing species examined to date (reviewed in Husband & Schemske, 1995) .
From a quantitative standpoint, the high inbreeding depression maintained in E. angustifolium is unusual, given the moderate levels of self-fertilization this population experiences. This is inconsistent with the theory (Lande & Schemske, 1985; Charlesworth & Charlesworth, 1987) which predicts that most inbreeding depression should be purged from populations with even moderate selfing. Lande et a!. (1994) show, however, that with high mutation rates to recessive or partially dominant lethals, partially selfing populations can maintain very high inbreeding depression. Under such conditions purging of lethals through selfing fails to occur unless selfing rates exceed a critical threshold or there is sufficient variation in fitness of inbred progeny to allow some selfed individuals to survive to reproduce. It is possible that neither of these criteria is satisfied in E. angustifolium. Selfing rates may be close to 0.45 in E. angustifolium, but under some mutation rates, this may still by insufficient to purge lethals. In fact, cumulative fitnesses for selfed progeny among maternal parents are remarkably low and uniform (Fig.  2) , suggesting that very few selfed progeny ever contribute to future generations. As a result, purging is unlikely, and inbreeding depression comparable to a strict outcrossing species will be maintained.
Fitnesses of outcrossed progeny at seed-set and germination exhibited not only a large variance among maternal plants but were also significantly correlated with the fitness of selfed progeny, such that maternal plants with high seed-set on outcrossing also exhibited high seed production in selfs. A positive correlation between self and outcross means may result from partially dominant mutations which will be expressed in both selfs and outcrosses, and/or maternal effects (Krebs & Hancock, 1991) . The experimental design used here does not allow us to distinguish between these alternatives, but it is likely that most of the correlation is the result of maternal effects. Evidence for this comes from the observation that the correlation is strongest at early life stages such as seed-set and germination, when maternal control is greatest (Roach & Wulif, 1987) , and is statistically insignificant at juvenile survival and biomass at 8 weeks. The role of maternal, rather than zygotic effects, in causing covariation between the relative fitness of selfs and outcrosses has been suggested for some species (Bishir & Namkoong, 1987; Wolfe, 1993) . Maternal influences on inbreeding depression caused by either maternal provisioning, cytoplasmic effects, or proportionally greater maternal contributions to endosperm could be examined by performing reciprocal crosses among parents (see Lynch, 1988) .
Inbreeding depression in this species is not restricted to a single stage nor is it distributed evenly among life stages. Differences between selfed and outcrossed progeny were significant in each of the four life stages and stage-specific measures of inbreeding depression were statistically different from each other. Variation in inbreeding depression among stages has been detected in many studies (Schemske, 1983; Dudash, 1990; Johnston, 1992; Agren & Schemske, 1993) , although no statistical comparison among stages has ever been made. Variation among stages is expected if different stages of development involve different genes or different numbers of genes that cause inbreeding depression. Thus, whether inbreeding depression at several stages can be purged at different rates upon inbreeding will depend on the genetic basis of early-vs. late-acting inbreeding depression and the degree to which stage-specific levels of inbreeding depression are genetically correlated (Husband & Schemske, 1995) . Correlations among inbreeding depression estimates at four life stages, across 34 families, indicated that inbreeding depression at one stage is independent of any other stage in E. angustifolium. Weak correlations among stages were reported from studies of Begonia hirsuta and B. semiovata (Agren & Schemske, 1993) . These results suggest that inbreeding depression at each stage may be purged independently.
Most inbreeding depression in E. angustifolium occurs during seed maturation. Selfed progeny averaged 8.3 per cent seed set and outcrosses averaged 65.7 per cent. This is over three times the levels of lethality expressed at germination or juvenile survival. High levels of inbreeding depression during embryo development and seed maturation have been found in many other predominantly outcrossing species, particularly gymnosperms (Fowler, 1 965a,b; Snyder, 1968; Franklin, 1969; Sorenson & Miles, 1974; Schemske, 1983; Park & Fowler, 1984; Stevens & Bourgourd, 1988; Karoly, 1991;  reviewed in Husband & Schemske, 1995) . This pattern is consistent with the observation that lethality is usually concentrated during embryo development, when genes encoding many critical proteins are expressed for the first time (Meinke, 1991) . Selfsterility in other species of Epilobium has also been attributed to lethality during embryo development (Seavey & Carter, 1994) . The question that remains is whether this inbreeding depression causing high selfsterility can be purged through high levels of selling. Understanding the potential for evolutionary change will provide further insight into the genetic basis of inbreeding depression and the implications for mating system evolution in Epilobium.
